Blood samples were taken from 19 double-muscled (DM) and 20 normal (N) bull calves at the ages of 1.5, 2, 2.5, 3, 3.5,4, 5.5, 6.5 and 9 mo to compare the plasma concentrations of growth hormone and insulin in DM with those in N bull calves and to relate these to differences in growth rate between the two breed groups. Double-muscled bull calves were lighter ( P < .0oO1) than N calves at all ages and had lower (P < .OOl) preweaning and postweaning rates of gain. Double-muscled bull calves had lower (P < .01) mean growth hormone concentration than N calves. Mean growth hormone concentration was correlated positively with body weight and preweaning rate of gain. The effect of age on growth hormone concentration was linear (P < .05); however, mean growth hormone concentration fluctuated between ages 1.5 to 4.5 mo but stabilized after 5.5 mo of age in both breed groups. Mean insulin concentration was lower (P < .01) in DM than in N bull calves. The effect of age on insulin Concentration was both linear and quadratic (P < .OOOl). Mean insulin concentration generally was constant in both breed groups, at around .75 ng/ml, from 1.5 to 6.5 mo of age but rose sharply to around 1.67 ng/ml after weaning when the bulls were put on a high-energy diet.
Double muscling or muscular hypertrophy is an inherited condition in cattle, manifested by a generalized hypertrophy of muscles, a reduction in adipose tissue, and a reduction in weight of the skeleton (Vissac, 1968; Menissier, 1982; Shahin and Berg, 1985) . The physiologicalbiochemical processes responsible for the double-muscled (DM) syndrome are not known. Whereas some researchers speculate that abnormalities at the cell membrane level may cause these peculiar characteristics (King et al., 1976; Basarab et al., 1980) . others suggest that the abnormality may be due primarily to an endocrine imbalance (Pomeroy and Williams, 1962; Vissac et al., 1974) . Growth hormone promotes protein synthesis, and insulin promotes synthesis of metabolites (Spencer, 1985) . Hence, these hormones could be involved in the development of muscular hypertrophy and leanness associated with DM cattle. There have been few reports on the levels of growth hormone and insulin in DM compared to normal (N) cattle. Michaux et al. (1982) reported higher plasma levels of growth hormone and lower levels of insulin in DM than in N bulls at certain ages in the 1st yr of life. The objective of this study was to compare the plasma growth hormone and insulin concentrations in DM and N bulls during the fist 9 mo of life and to relate these to differences in growth rate between the two breed groups.
Mstsrlals and Methods
Cattle showing the DM syndrome have been maintained as a separate breed group at the University of Alberta ranch at Kinsella since 1967. It is a composite breed group with average breed composition of approximately 47% Angus, 14% each of Charolais, Galloway and Hereford, and 11% from other breeds. Another composite breed group, Beef Synthetic, with average breed composition of Angus (37%), Charolais (33%), Galloway (21%) and other breeds (9%), was used as the normal (N) group. Nineteen DM and 20 N bull calves born in the spring of 1987 were used in the study.
The DM calves were scored visually, at birth, for muscling on a scale of 0 to 5, with 0 indicating normal muscling and 5 representing extreme muscular hypertrophy. The DM calves used showed various degrees of muscular hypertrophy (muscling scores ranging from 1 to 51, whereas the normal calves had normal muscling (muscling scores of 0 and 1). Calves group x age interaction. Animals within breed remained with their dams On the range group were included in the model as random weaning at approximately 6 mo of age with no effects, and the mean squares were used as the creep feeding. After weaning, calves were error term for testing significance of mean placed in feedlot and had ad libitum access to differences between breed groups. Residual calves were recorded at birth and at monthly intervals throughout the experimental period. the other effects. Linear and quadratic effects A blood was taken from each of age were fitted in a regression model (Steel and Tome, 1980) to determine the nature of animal via jugular venipuncture into tubes with .5 ml of a solution of . 065 EDTA and mg the response in the concentration of each aprotinin3 (a inhibitor) in on hormone to the effect of age. figher order 10 different dates corresponding to the mean polynomials were found to be nonsignificant. ages of 1.5, 2, 2.5. 3, 3.5, 4, 4.5, 5.5, 6.5 and 9 Using data from both breed groups9 *e each date. During the prewean-hormone concentrations were determined by correlation analysis (poled correlations) of the a high-energy diet ( B~~ and Kennelly (1989) . The intra-and interassay soup.
coefficients of variation were 9.7 and 8.8%, respectively, for growth hormone and 6.7 and 12.2%, respectively, for insulin.
pletely randomized design (Steel and Tome, each animal; the number of observations for number of animals. Residual correlations also were computed from residual variances and covariances to remove the effect due to breed
Results and Discusslon
Double-muscled bull calves were lighter ( ' < *OOo1) at b* and at any particular age Growth data were analyzed using a 1980). Hormone concentration data were analyzed using a repeated measures procedure (SAS, 1987). The model used included the throughout the study period than bull calves fTable 2)* Both preweaning and postweaning of gain were lower (' < -001) in the DM fixed effects of breed group, age and the breed *an in the calves. .04
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Weaning weight.
growth rate of DM calves has been reported to be slower than that of N calves in most of the British breeds (Non and Rollins, 1979 Geay et al., 1982; Menissier, 1982) . The average breed composition of the DM cattle in this study was 75% British breeds. The differences in sire selection criteria used in the two breed groups (the Beef Synthetics were selected for growth rate and the DM for muscular hypertrophy) also could have contributed to the difference in growth rate of these two breed groups (Arthur et al., 1989a) . The DM bull calves had lower (P < .Ol) mean growth hormone concentration than the N bull calves (Table 3) . Differences between DM and N bulls in circulating levels of growth hormone occurred prior to the age of 4.5 mo, after which both breed groups had similar growth hormone concentrations (Figure 1) . Michaux et al. (1981) reported higher levels of plasma growth hormone in DM than in N (conventional) bulls at 2.5 mo but lower levels at 7.5 mo of age, whereas the level at 4.5 and 12 mo age in the two breed types were similar. Michaux et al. (1981) attributed the differences in growth hormone concentration between DM and N cattle at 2.5 and 7.5 mo of age to differences in body weight and not to the DM syndrome.
Growth hormone promotes protein synthesis in muscle and linear skeletal growth (Machlin, 1976) . Heavy muscular development in the DM bulls might be the result of higher growth hormone level. However, in the present study the DM calves had lighter weights than N calves ( Table 2) . and in an earlier study (Arthur et al., 1989b) DM yearling bulls had shorter carcass length than N bulls. This indicates that the muscular hypertrophy was not accompanied by higher linear skeletal growth, as expected from growth hormone action. The correlation between growth hormone Concentration and the degree of muscling (DM score) of the DM calves was not significant ( Table 4 ), indicating that factors other than the growth hormone concentration may be responsible for the muscular hypertrophy in the DM bulls. This seems to be compatible with the findings of Lawrie et al. (1964) that changes in weight and total nitrogen concentration of muscles observed in DM cattle are different from those caused by growth hormone and steroid hormone administration. However, the higher mean plasma growth hormone concentration observed in N vs DM bulls is consistent with the heavier body weight and higher growth rate in N vs. DM bulls ( Table 2) . Pooled correlation coefficients of various body weights and preweaning ADG with mean growth hormone concentrations were significant and positive (Table 4) . However, residual correlations, with breed group effect removed, were low and nonsignificant, indicating that, across breed groups, differences in growth hormone concentration are related to differences in growth rate, .
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The nature of the response in growth hormone concentration to the effect of age was linear (P < .05). Between the ages of 1.5 and 4.5 mo, however, mean growth hormone concentrations fluctuated in both breed groups but stabilized at about 28 ng/ml after 5.5 mo of age until the end of the study (Figure 1) . Growth hormone does not seem to be important in growth regulation during fetal life, and the newborn seems to have an immature endocrine system early in life (Dauzier, 1980) . The fluctuations in growth hormone concentration obtained before 4.5 mo of age could be due to the immaturity of the endocrine system at that stage and the consequent lack of adequate feedback regulation of growth hormone secretion (Turner and Munday, 1976; Gluckman. 1985) .
A general decrease in growth hormone concentration with age has been observed in steers (Trenkle, 1977;  Beeby and Swan, 1983 ; Verde and Trenkle, 1987 Michaux et al., 1981) . The rise in growth hormone concentration to about 28 ng/ ml in both breed groups at around 5.5 mo of age is consistent with these findings in bulls. Perhaps modifications in the endocrine system during the onset of puberty and its consequent increase in testosterone secretion could interact with growth hormone secretion (Ronge and Blum, 1989) .
The mean plasma insulin concentration in DM bulls was lower (P c .01) than that in N bulls (Table 3 ). The plasma insulin concentrations in DM bulls were lower than those in N bulls at all ages studied except at 2.5 mo of and end (9 mo) of the experimental period for double-muscled (DM) and normal (N) bull calves. Berg, 1985; Arthur et al., 1989b) . This is consistent with the lower levels of insulin in DM than in N bulls. Insulin concentration was correlated positively (pooled correlations) with body weight (Table 4) . This probably was because the leaner DM bulls were smaller than the relatively fatter, but larger, N bulls.
Residual correlation coefficients between the growth traits and insulin concentration were low and nonsignificant. The nature of the response in insulin concentration to the effect of age was described by linear and quadratic effects (P < .OOOl) of age (Figure 1 ). Insulin levels remained generally constant from 1.5 to 6.5 mo of age in both breed groups at around .75 ndml but rose sharply to about 1.67 ng/ml by 9 mo of age. Insulin concentration has been observed to rise with time during the postweaning feeding period (Trenkle and Topel, 1978; Eversole et al., 1981; Beeby and Swan, 1983; Verde and Trenkle, 1987) . Although the rise in insulin concentration observed after 6.5 mo of age was sharper than those reported by the other researchers, it coincided with the time when the bulls were started on a highenergy diet in the feedlot after they were weaned at 6 mo of age.
The mean molar ratio of insulin to growth hormone was higher (P c .05) for DM than for N bull calves (Table 3) . Double-muscled bulls had a higher mean value for this ratio than N bulls at 1.5 mo of age; however, by 9 mo of age the pattern had been reversed, and N bulls had a higher mean value than DM bulls (Figure 1 ). Insulin and growth hormone appear to counter the function of each other; the ratio of the concentrations of the two hormones is important in energy metabolism (Rabinowiu et al., 1966) . Hart et al. (1979) indicated that a decrease in this ratio would increase fat mobilization. Accretion of fat in beef cattle occurs to a higher degee during the postweaning rather than during the preweaning period. During postweaning, DM bulls had lower insu1in:growth hormone ratio, indicating that in the DM, compared to the N bulls, the level of growth hormone relative to that of insulin might have limited the partitioning of energy to adipose tissue, resulting in leaner DM carcasses. Growth hormone and insulin secretion is episodic in cattle (Anfinson et al., 1975) ; hence, to establish secretory profile of each animal, frequent sampling (every 15 min) over a time span of approximately 24 h commonly has been used. Although this sampling procedure allows the characterization and comparison of temporal secretory patterns, the laborintensive nature of such experiments generally has limited both the number of animals studied as well as the number of sampling dates. The single sample procedure employed in this study wa3 found to be more practicable for the initial characterization of the pre-and postweaning growth hormone and insulin levels of each breed group and age. Therefore, the hormone concentration for each individual animal at a particular sampling date in this study might not be representative of the individual's hormonal status at the time. However, by using a large number of animals for each breed group, we expected that the mean hormone concentration of all the bulls in a breed group and(or) at a particular age would be representative of the breed group or the particular age. The dismbutions of hormone concentrations at various ages (Figure 2) showed that a few samples had high concentrations of growth hormone and insulin, which may correspond to secretory spikes. This is indicated by the general skewness of the distributions toward the lower concentrations, with a few higher concentrations for both breed groups at the different ages.
Differences in the concentration of growth hormone between DM and N bulls were related to differences in growth rate and weight of the bulls from these two breed groups rather than to the degree of muscling. Differences in the concentrations of insulin were related to the differences in the degree of fatness of the bulls in these two breed groups.
Implications
The double muscling syndrome was associated with a lower rate of gain and lower plasma concentrations of growth hormone and insulin. This supports other findings suggesting that the muscular hypertrophy associated with the double muscled syndrome may not be the result of higher growth hormone levels. 
